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Abstract
Traditionally, primary industry’s biomass leftovers 
had been treated with the purpose of waste reduction. 
However, nowadays, efﬁ cient utilization of biomass 
resources is regarded as an efficient tool of rural 
economy revival, zero-emission society establish-
ment, and reduction of greenhouse gas emissions. 
In Japan, the necessity of biomass utilization for 
sustainable society was declared in Biomass Nippon 
Strategy, 2002. Based on this document, many rural 
towns and villages all around the country has adopted 
a “Biomass Town” concept and started to develop 
biomass utilization systems with multiple activities, 
including material, energy, and education biomass-
related projects. 
However, no comprehensive evaluation of econom-
ic and environmental efficiency of already existing 
biomass utilization systems is conducted. One of the 
reasons is that there exist no guidelines, which could 
assist in such estimation process.
In this paper, ﬁ rst, brief introduction on biomass ac-
counting concept, suggested by authors in our previ-
ous works as an accounting tool to assist in decision-
making related to biomass activities, is made. Next, 
the results of a case study on domestic animal waste 
treatment-oriented biomass activities (composting) 
are presented. The biomass accounting form is ap-
plied in the case study to account for four compost 
facilities built and managed by local government. 
Finally, discussion on the possibility of economic and 
environmental efﬁ ciency improvement of the biomass 
activities under the case study is conducted.
1. Introduction
Biomass resources had been used by humans as 
energy (direct burning, carbonization) or materials 
(compost, forage) since ancient times. Technology 
development caused shift to fossil fuel and chemical 
fertilizer consumption, and the main purpose of pri-
mary industry’s biomass leftover treatment became 
waste reduction. However, nowadays, efficient uti-
lization of biomass resources is regarded as an im-
portant tool of rural economy revival, zero-emission 
society establishment, and reduction of greenhouse 
gas emissions. In Japan, the necessity of biomass 
utilization for sustainable society was declared in 
Biomass Nippon Strategy, 2002. Based on this docu-
ment, many rural towns and villages all around the 
country has adopted a “Biomass Town” concept and 
started to develop biomass utilization systems with 
multiple activities, including material, energy, and 
education biomass-related projects. These activities 
include traditional biomass treatment technologies, as 
well as modern ones, including bioplastic and wood 
block production (material), biodiesel and bioethanol 
production (energy), biomass events and tours (edu-
cation), among others.
However, no comprehensive evaluation of econom-
ic and environmental efficiency of already existing 
biomass utilization systems is conducted. One of the 
reasons is that there exist no guidelines, which could 
assist in such estimation process. Taking this into ac-
count, a biomass accounting concept was suggested 
in our previous works as an accounting tool to assist 
in decision-making related to biomass activities.
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2Fig. 1 presents a biomass accounting framework. It 
can be divided into “Stock” and “Flow” parts. “Stock” 
consists of “Initial Cost” and “Natural Capital” and 
is aimed to record for human-made and natural stock. 
“Flow” part includes “Running Cost”, “Beneﬁ t”, and 
“Fossil Resources Substitution”. It records for eco-
nomic and material inputs and outputs during a cer-
tain period of time (generally one year). Both “Stock” 
and “Flow” contain “Economy” and “Environment” 
areas. “Economy” records actual data on capital asset 
cost, running cost, and economic beneﬁ ts. “Environ-
ment” records estimated environmental load and ef-
fect. “Flow” part contains “Resources” area as well, 
which traces the amount of material input and output. 
Biomass accounting framework is discussed in de-
tails in Bespyatko et al, 2009. Further, based on the 
concept of biomass accounting, a biomass account-
ing form was suggested by authors (Bespyatko et al, 
2010). The form was designed in order to simplify 
data input and to automatize output and visualization 
of the results.
In this study, the biomass accounting form is ap-
plied to account for four compost facilities built and 
managed by local government. The next two sections 
explain the methodology and present the results of a 
case study.
2. Estimation methodology: assumptions and 
preliminary conditions
For the case study Shobara biomass town in Hiro-
shima prefecture was chosen. Biomass accounting 
form was applied in order to estimate economic and 
environmental performance of four compost facili-
ties, construction of which was subsidized by govern-
ment. Preliminary calculations of composting-related 
activities in this biomass town were conducted and 
presented in Bespyatko et al, 2009. In this study we 
improve the reliability of the results by re-considering 
a part of the calculation methodology. Namely, 1) not 
only CO
2
 but such greenhouse gases as CH
4
 and N
2
O 
are considered as well to estimate environmental load 
and effect; 2) environmental load of the fermentation 
process is taken into account; 3) calculation of asset 
depreciation is based on actual durable years of capi-
tal instead of legislative ones; 4) diesel price is set at 
118 yen/l (last 5 years average) instead of 150 yen/l 
(representative price of 2008).
Regarding the environmental load associated with 
compost (fermentation process), 0.00044 t-CH
4
/
t-manure and 0.0039 t-N
2
O/t-N set in “Calculation 
methods and list of emission indices for calculation, 
reporting, and disclosure systems” (Ministry of Envi-
ronment, 2010) are used (Table 1). 
As to durable years of capital assets, though certain 
years are set by the law, actually such assets as build-
ings or machinery are used for much longer period. 
Because biomass-related activities do not consume 
large amount of fossil fuels, the most of environmen-
tal load coming from such an activity is the environ-
mental load embodied in its initial cost. Hence, it is 
important to use actual durable years for environmen-
tal load estimation wherever possible. Table 2 lists 
legislative durable years and actual durable years, 
which were applied in this study. Actual durable years 
were set based on the information, obtained during 
hearings and conversations with related stakeholders.
Prices, used to estimate costs and beneﬁ ts when ac-
tual data were not available, are listed in Table 3. For 
diesel, August 2005 - July 2010 average price of 118 
yen/l is taken. Electric power is set at 15 yen/kWh. 
Regarding compost price, actual data of profit from 
sales are used; however, for barter exchange and cap-
tive use, the price is assumed to be 5,000 yen/t.
Fig. 1. Biomass accounting framework.
Bespyatko et al.
3Introduction of Biomass Accounting as an Evaluation Tool of Biomass Utilization Systems:
a Case Study on Domestic Animal Waste Treatment-Oriented Biomass Activities
1Energy consumption, CO
2
 and CH
4
 emission indices for agricultural machinery, nonresidential 
building, car body, and urea are taken from JEMAI, 1999. N
2
O emission index for urea was not 
available, hence, N
2
O emission index for ammonia is taken from JEMAI-LCA Pro, 2005 (hear-
ing data). Energy consumption, CO
2
, CH
4
, and N
2
O emission indices for electricity and diesel 
are based on CGER, 2010. Energy and CO
2
 embodied in compost is calculated separately by 
aggregating method in biomass accounting form. In order to calculate the amount of N
2
O em-
bodied in 1t of manure, the index of 3.358 g-N/kg manure (LEIO, 1998) was used.
Table 1. Emission indices1.
1Actual durable years are set based on information obtained 
during hearings
Table 2. Legislative and actual durable years.
Table 3. Prices used for estimation.
Estimation of chemical fertilizer substitution by 
compost is based on data taken from LEIO, 1998 
(Table 4) and hearing data on the manure amount uti-
lized by each facility (Table 5).
3. Results
Total cost-benefit and environmental performance 
of the four composting facilities under the case study 
is summarized in the form of accounting table in Fig. 
2 and visualized in Graph 1-2.
Totally, 7,601 t of compost is produced from 16,475 
t of cow manure annually. Most of the product is sold 
(4,188 t/year) or distributed freely (indirect captive 
use, 1,198 t/year). Total amount of urea substituted 
is 94 t1. Economic value of substitution equals to 
28,260 thousand yen assuming that urea unit price is 
300 yen/kg.
Regarding economic profitability, total benefit 
was 33,830 thousand yen/year comparing to 27,150 
thousand yen/year of running cost. Here, total beneﬁ t 
4includes direct and indirect beneﬁ t2. However, if con-
sider only direct benefit (19,050 thousand yen), the 
activity turns to be unprofitable. Yet, because there 
is a considerable (hidden) economic gain from indi-
rect proﬁ t (such as barter exchange and captive use), 
which is usually not recorded in orthodox accounting 
tools, we suggest that it has to be paid attention and 
included into calculations as well.
From the table and graphs it is clear that total en-
Table 5. Manure amount utilized and chemical fertilizer substituted by each facility.
Table 4. Cow manure compost element composition and 
chemical fertilizer substitution rate.
Fig. 2. Total economic and environmental performance of the four composting facilities.
1
 Based on Table 4-5, amount of nitrogen containing in 7,601 t of compost is calculated to be 43 t (chemical fertilizer substitution coefﬁ cient 
(30%) is considered). This substitutes 94 t of urea assuming that urea nitrogen content is 46%.
2
 Direct beneﬁ t: beneﬁ t gained by an economic activity from the same activity. For example, product sale or consumption of a part of the 
product in order to produce more of the same product.
Indirect beneﬁ t: beneﬁ t, which is brought by an economic activity to another economic activity. For example, captive use of pellets with a 
purpose other than to produce more pellets.
vironmental performance of the biomass activities 
under the case study is poor. Total emission is 540 t 
of CO
2
 equivalent per year, which is much higher 
than total CO
2
 reduction from urea substitution (94 t 
CO
2
 equivalent/year). Most of the emissions are 
coming from manure fermentation process (219 t 
CO
2
 equivalent/year), electricity consumption (138 t 
CO
2
 equivalent/year ), and depreciation (114 t CO
2
 
equivalent/year). From this, it becomes clear that en-
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5vironmental load of compost facilities under the case 
study is much higher comparing to that one of urea 
production or depasturage (Table 6). 
4. Discussion
The results of the case study briefly described in 
the previous section showed that total economic per-
formance of the four facilities is considerably high 
if indirect beneﬁ ts are taken into account. However, 
they also indicated low environmental efficiency of 
the composting technology under investigation.
One of the possibilities of environmental efﬁ ciency 
improvement of the biomass activities under the case 
study is shift to renewable energy consumption. As-
suming that amount and cost of biofuel (bioethanol 
or biodiesel) and green electricity necessary for com-
post production is the same as that one of fossil fuel 
and electricity which is consumed at present, total 
environmental load could be reduced from 540 t CO
2
 
equivalent/year to 330 t CO
2
 equivalent/year (Table 
6).
Another option is to increase the concentration of 
Graph 1. Total cost-beneﬁ t performance of the four 
compost facilities
Graph 2. Total GHG balance of the four compost fa-
cilities
Table 6. Environmental load embodied in composting, urea production, and depasturage1.
1Utilized or substituted manure amount is the same for each process (16,475 t)
2Compost(1) is composting technology of the facilities under the case study
 Compost(2) is possible composting technology which consumes renewable energy
nitrogen in compost. Table 7 presents urea amount, 
proﬁ t and CO2 reduced due to substitution of chemi-
cal fertilizer with compost with different nitrogen 
concentration. Here, substitution profit is calculated 
based on assumption that production cost is not inﬂ u-
enced by nitrogen-enhancing technology. From the 
table it is clear that increasing of nitrogen concentra-
tion to 5%-10% (wet value) leads to considerable im-
provement in economic and environmental efﬁ ciency 
of compost production.
Taking the above into consideration, it can be sug-
gested that shift to renewable energy consumption 
and increase of nitrogen concentration in compost 
can considerably raise economic benefit, as well as 
significantly lower environmental load by means 
of larger amount of chemical fertilizer substitution. 
However, the cost of nitrogen-enhancing technology 
has to be taken into account, as well as more precise 
estimation of environmental load embodied in urea 
production need to be conducted to increase the reli-
ability of estimation result. This is the topic for our 
further research.
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